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ABSTRACT

Sonadia is one of the most important islands of Bangladesh. South-eastern shore of the island, which is a growing sand
bar, has to encounter continuous and rapid morphological changes. So study of the sediment characteristics of this Sand
Bar is very important. In the present study, grain size analysis of this Sand Bar has been done on the basis of laboratory
analysis. Sediment samples were collected from 9 (Nine) stations and texture analysis of sediment was completed fol-
lowing a standard procedure of sieve analysis of sand samples. The average value of median (MD), mean (M), standard
deviation (s), skewness (SK) and kurtosis (K) of sediment of the Sand Bar of Sonadia Island was 1.93, 1.87, 0.44, 0.11
and 1.88 respectively. Highest median, mean, standard deviation, skewness and kurtosis of Sand Bar of Sonadia Island
was 2.98 (Station 2, Lower Shore), 2.68 (Station 1, Lower Shore), 0.83 (Station 1, Middle Shore and Station 2, Lower
Shore), 0.65 (Station 2, Lower Shore) and 3.59 (Station 1, Lower Shore) respectively. Lowest median, mean, standard
deviation, skewness and kurtosis of Sand Bar of Sonadia Island was 1.42 (Station 9, Middle Shore), 1.45 (Station 9,
Middle Shore), 0.30 (Station 5, Lower Shore and Station 8, Lower Shore), 0.04 (Station 5, Upper Shore) and 0.94 (Sta-

tion 6, Upper Shore) respectively.
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1. Introduction

Bangladesh is considered as the largest deltaic plain of
the world of three mighty rivers, namely the Ganges, the
Brahmaputra and the Meghna commonly known together
as GBM. Along with GBM, the major river systems in
Bangladesh are mainly originated from the Himalayas
which are situated in the north to the Bengal delta. This
is mainly due to denudation of the Himalayas resulted in
the formation of the world’s largest delta which is still
active at a rate of about 70 cm per one thousand years
[1,2]. Besides, GBM carries a total of about 2.4 billion
tons of sediments per year [3] into the Bay of Bengal.
These sediments interact with dynamic process in the
Bay of Bengal leading to coastal geomorphological
changes [4]. The constant recycling of sediments and the
annual additions from monsoon floods produce complex
pattern of erosion and accretion. A huge amount of
sediments are also thought to be carried by under cur-
rents into the deeper Bay of Bengal and the Indian Ocean.
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The bottom topography of the Bay of Bengal plays a
dominant role in the dynamic processes in the North Bay
and Bangladesh coast which results in frequent geomor-
phological changes in the adjacent coast and islands
[5,6].

Moheshkhali is a near-shore island of Bangladesh. It is
located on the north-western side of Cox’s Bazar [7].
Sonadia Island (Shown in Figure 1) is not an actual is-
land as it is not separately isolated from the main land;
rather it is an extended part of Moheshkhali Island. Some
khals (canals) and ditches separate it from Moheshkhali
Island. Though Moheshkhali Island is little far from the
active delta formation region, it still receives a lot of
sediment and undergoes coastal process which helps re-
shape the morphology of the island’s coast, especially the
south and south-eastern part including Sonadia Island.
Changes are apparent in the south-eastern coastline of
Sonadia Island, which thus gets the characteristics of a
sandbar. In Sonadia Island Sandy beach and Shoals units
may seen. Shoals, particularly on the west and south-cast,
are the submarine areas which remain under shallow
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Figure 1. Map showing study area and the transect locations for sampling (Source: The QuickBird browse image, the Goggle

Earth application interface, 2006).

water and surface at extreme low tides. Sediment of these
shoals are mainly coarse, textured, pH value is 7 and or-
ganic content is very low [8]. So study of the Sand Bar is
very crucial one.

The study was done with a view to analyze the grain
size of the Sand Bar of Sonadia Island.

2. Materials and Methods
2.1. Sediment Sample Collection

Before going to the field, 9 (Nine) sample stations were
selected (Shown in Figure 1) and their respective GPS
were stored in the portable GPS (Garmin eTrex, 12
Channel). The stations were selected randomly at an in-
terval between 1 to 5 km except Stations 1 and 2. Sta-
tions 1 and 2 are not situated in the Sand Bar rather in the
South-eastern part of the main Moheskhali Island which
are close but separated from the Sand Bar by a canal.
Then three samples from upper, middle and lower shore
of each station were collected as single point sampling.
As the sediment was loose and unconsolidated, samples
from the upper 15 cm were collected using a plastic
scoop and taken in a polythene bag.

2.2. Laboratory Analysis

Grain size analysis of sediment was completed in the
laboratory following a standard procedure for sieve

Copyright © 2013 SciRes.

analysis of sand samples [9]. Before grain size analysis
previously prepared sediment sample were kept in a
woven dryer for 24 hours at 105°C temperature and then
cooled in room temperature. 100 gm of processed sedi-
ment were taken and standard procedure for sieve analy-
sis of sand by Cheel (2005) was followed for determining
the size distribution of particles in unconsolidated sedi-
ment by passing them through stacks of nested sieves
with square openings of known as diameter. The name of
the used sieve shaker Eijkelkamp made in German.

2.3. Grain Size Analysis

For determining grain size distribution the Udden-Went-
worth Grade Scale was used in this study. Krumbein
(1934) [10] introduced a logarithmic transformation of
the scale which converts the boundaries between grades
to whole numbers was also used later. This scale is
known as the Phi Scale, its values being denoted by the
Greek letter phi (¢), where:

¢ =—log,d (mm)

where d (mm) is just the grain size expressed in millime-
ters. For example:

— log,1(mm) = 0¢

— log, 1/4(mm) =2¢
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—log,4(mm) =-2¢
¢ was later redefined:
¢ =—log,d/d,

where d is the size in millimeters and d, is a standard size
of 1 mm; division by 1 mm does not alter the value of ¢
but makes it dimensionless. With a hand calculator the
conversion from ¢ to mm and from mm to ¢ is as fol-
lows:

¢ — mm d(mm)=2"

$= _( 10810(1)/10&02

Note that it is traditional among sedimentologists to
plot grain size on a phi scale with decreasing grain size to
the right as shown in Figure 2.

mm — ¢

2.4. Statistical Parameters of Grain Size
Distribution

In the present study cumulative frequency curves (also,
smooth curves) were drawn manually from cumulative
weight of sediment and phi (¢) units using graph papers.
Phi units (s, dis, Ps, @50, P15, Psa and ¢hs) were deter-
mined manually from smooth curves. Then the Median
(Md), Mean (M), Standard Deviation (s), Skewness (SK),
Kurtosis (K) of each sediment sample were calculated by
Graphic Method [11] using the following formulae:

Median (Md) = ¢,

Mean (M) _ bttt

3
Standard Deviation (s) = b=t + Bys — s
4 6.6
Skewness (SK) = Poa + i — 2050 n s + s — 25,
2(¢84_¢16) 2(¢95_¢5)
Kurtosis (K) = _ b
2.44 (¢75 - ¢25 )
i R
I\
-~ e
Increasing grain size Decreasing grain size

-4 -3 -2 -1 0 1 2 3 4
Grain size (¢)

LY F

Figure 2. Conventional phi scale showing grain size increas-
ing to the left and decreasing to the right.

Copyright © 2013 SciRes.

3. Results and Discussion
3.1. Grain Size Distribution

The percentage of sediment weight at upper shore of Sta-
tion 1 were 0.05, 0.11, 19.07, 70.27, 7.94 and 2.56% and
at middle shore of Station 1, those values were 0.00, 8.52,
29.87, 28.10, 29.15 and 4.36%, while at lower shore of
Station 1, they were 0.00, 2.86, 16.44, 6.57, 49.87 and
24.26% at 1 mm, 0.05 mm, 0.25 mm, 0.125 mm, 0.09
mm and 0.063 mm dia size of sieve respectively. There
percentages of sediment in other stations were shown in
Table 1.

The cumulative value of weight of sediment at differ-
ent phi units from upper, middle and lower shore of the
nine stations was given in Table 2. From cumulative
value of weight of sediment cumulative curve were
drawn (Figures 3-5) from which values of phi (¢) units
at gs, dis, hrs, P50, P15, Pa and ghs from every upper, mid-
dle and lower zone of the 9 stations was calculated and
given in Table 3, while the values of Median (Md),
Mean (M), Standard Deviation (s), Skewness (SK) and
Kurtosis (K) of sediment samples from every upper,
middle and lower shore of the 9 stations were calculated
by Graphic Method [11] and given in Table 4. Phi unit
¢5, ¢167 ¢25, ¢50, ¢75, ¢g4 and ¢95 indicate Sth, 16th, 25th,
50th, 75th, 84th and 95th percentile of grain size distri-
bution respectively in phi units [12].

3.2. Statistical Parameters of Grain Size
Distribution

3.2.1. The Median

The Median (Md) is the midpoint of the sediment distri-
bution. Median (Md) 2.25, 2.68 and 2.74 was found at
upper, middle and lower shore respectively at Station 1.
While at Station 2 the values of Median (Md) are 1.76,
1.88 and 2.98 was found at upper, middle and lower
shore respectively. The values of Median (Md) at upper,
middle and lower shore of 9 stations are shown at Table
4. The average value of Median of Station 1 and Station
2 is 2.38 while the average value of Median of rest of the
stations is 1.81.

From the values of Median, it is clear that 50% of the
sediment is finer and fineness of sediment increases to-
wards lower region of the shore at Station 1 and Station 2.
In other word, coarse sediment is available at the upper
portion of the shore. While in the active Sand Bar region
(Station 3 to Station 9) 50% of the sediment is coarser
where middle shore possesses coarser sediment than up-
per and lower shore, while upper shore possesses finest
sediment than the other two shores. Here, fineness of
sediment increases towards upper region. This is obvious
as the Sand Bar region undergoes continuous geo-mor-
phological changes due to active action of wave and tide
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Table 1. Weight (in gram) of sediment at different sieve size from every upper, middle and lower shore of the nine stations.

Station Shore 1 mm 0.5 mm 0.25 mm 0.125 mm 0.09 mm 0.063 mm Total
Upper 0.05 0.11 19.07 70.27 7.94 2.56 100

1 Middle 0.00 8.52 29.87 28.10 29.15 4.36 100
Lower 0.00 2.86 16.44 6.57 49.87 24.26 100

Upper 0.08 0.49 63.78 33.69 1.91 0.05 100

2 Middle 0.00 0.64 67.22 30.31 1.79 0.04 100
Lower 0.00 9.38 22.53 19.39 21.22 27.48 100

Upper 0.24 0.28 71.63 26.83 0.82 0.21 100

3 Middle 0.12 2.46 77.61 19.01 0.74 0.05 100
Lower 0.50 0.26 75.19 23.06 0.77 0.21 100

Upper 0.30 0.12 33.21 60.70 5.05 0.63 100

4 Middle 0.13 1.41 83.55 13.97 0.89 0.06 100
Lower 0.34 1.98 83.92 12.36 1.34 0.05 100

Upper 0.76 2.58 86.66 8.39 1.20 041 100

5 Middle 0.03 0.23 74.62 22.98 1.94 0.21 100
Lower 0.38 3.49 82.57 12.77 0.70 0.09 100

Upper 0.02 0.08 39.21 54.17 6.04 0.48 100

6 Middle 0.03 041 75.45 21.90 1.97 0.24 100
Lower 0.06 0.34 51.89 44.29 3.40 0.02 100

Upper 0.17 0.36 60.55 37.63 1.10 0.19 100

7 Middle 0.05 1.36 79.08 19.50 0.01 0.00 100
Lower 1.08 3.35 84.17 11.13 0.23 0.04 100

Upper 0.13 0.64 68.42 28.89 1.77 0.16 100

8 Middle 0.02 0.63 83.24 16.08 0.02 0.00 100
Lower 0.33 0.74 82.87 15.95 0.08 0.04 100

Upper 0.23 3.15 77.02 18.79 0.70 0.10 100

9 Middle 0.95 8.81 80.99 9.17 0.06 0.02 100
Lower 0.13 2.17 83.74 13.73 0.17 0.06 100

Table 2. Cumulative value of weight of sediment at different phi (g) units from every upper, middle and lower shore of the

nine stations.

Station Shore 0 1 2 3 3.47 3.99
Upper 0.046 0.152 19.227 89.496 97.440 100.000
1 Middle 8.522 38.391 66.489 95.642 100.000
Lower 2.862 19.300 25.872 75.745 100.000
Upper 0.079 0.565 64.345 98.039 99.947 100.000
2 Middle 0.638 67.862 98.172 99.963 100.000
Lower 9.380 31.913 51.299 72.518 100.000
Upper 0.239 0.516 72.147 98.978 99.793 100.000
3 Middle 0.124 2.589 80.203 99.212 99.949 100.000
Lower 0.503 0.760 75.955 99.014 99.786 100.000
Upper 0.296 0.417 33.625 94.323 99.374 100.000
4 Middle 0.129 1.536 85.083 99.057 99.945 100.000
Lower 0.342 2.318 86.243 98.607 99.949 100.000
Upper 0.761 3.343 90.006 98.393 99.594 100.000
5 Middle 0.028 0.255 74.871 97.848 99.790 100.000
Lower 0.381 3.869 86.442 99.209 99.906 100.000
Upper 0.021 0.103 39.317 93.485 99.521 100.000
6 Middle 0.033 0.440 75.888 97.793 99.758 100.000
Lower 0.058 0.395 52.285 96.580 99.984 100.000
Upper 0.166 0.525 61.077 98.710 99.807 100.000
7 Middle 0.046 1.406 80.489 99.986 100.000
Lower 1.082 4.430 88.601 99.728 99.962 100.000
Upper 0.126 0.768 69.188 98.074 99.841 100.000
8 Middle 0.019 0.651 83.895 99.975 100.000
Lower 0.332 1.067 83.936 99.883 99.961 100.000
Upper 0.228 3.380 80.402 99.195 99.899 100.000
9 Middle 0.950 9.758 90.750 99.919 99.984 100.000
Lower 0.129 2.301 86.039 99.770 99.939 100.000

Copyright © 2013 SciRes.
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Figure 3. Cumulative frequency curve of sediment weight of Upper, Middle and Lower Shore at Station 1, Station 2 and Sta-
tion 3.

and the region is surrounded by water with heavy sus- tribution and for perfectly symmetrical normal distribu-
pended load of sediment [13]. tions the mean is equal to the median. The Mean (M)

value 2.23, 2.15 and 2.65 was found at upper, middle and
3.2.2. The Mean (M) lower shore respectively at Station 1. In Table 4 the val-
The Mean (M) is the arithmetic average size of the dis- ues of Mean (M) of the sediment distribution the Sand

Copyright © 2013 SciRes. 0JSS
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Figure 4. Cumulative frequency curve of sediment weight of Upper, Middle and Lower Shore at Station 4, Station 5 and Sta-

tion 6.

Bar of Sonadia Island are given.

The average of Mean (M) or the arithmetic average
size of the distributions of Stations 1 and 2 is 2.19, while
the average of Mean (M) of Station 3 to Station 9 is 1.77
indicate that they are not very equal to the Median (Md)
thus the sediment distribution is not perfectly symmetri-
cal normal.

Copyright © 2013 SciRes.

3.2.3. The Standard Deviation (s)

The Standard Deviation (s) of the distribution reflects the
variation in grain sizes that make up the sediment. Stan-
dard deviation 0.56, 0.83 and 0.50 was found at upper,
middle and lower shore at Station 1. The values of Stan-
dard Deviation (s) at upper, middle and lower shore of 9
stations are shown at Table 4. The average value of
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Figure 5. Cumulative frequency curve of sediment weight of Upper, Middle and Lower Shore at Station 7, Station 8 and Sta-

tion 9.

Standard Deviation (s) of Station 1 and Station 2 is 0.60
while the average value of Standard Deviation (s) of Sta-
tion 3 to Station 9 is 0.39.

From the average value of Standard Deviation (s) at
Stations 1 and 2, it indicates that sediment is moderately
well sorted throughout the region. More precisely, in the
upper and lower shore sediments are almost well sorted

Copyright © 2013 SciRes.

while in middle shore sediment is moderately sorted. But
in case of Sand Bar region sediments are very well sorted
with an average of Standard Deviation (s) of 0.39 values.

3.2.4. The Skewness (SK)
The Skewness (SK) is a measure of the symmetry of the
grain size distribution. The values of skewness found at
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Table 3. Values of phi(¢) units at ¢, s, ds, ds0, G5, daa and gys from every upper, middle and lower shore of the nine sta-
tions.

Station Shore &s dis bs dso &5 a s
Upper 1.18 1.86 2.02 225 2.6 2.8 3.32

1 Middle 0.76 1.4 1.94 2.68 2.96 3.12 3.4
Lower 1.36 23 2.64 2.74 2.88 3.02 3.46

Upper 1.2 1.44 1.56 1.76 2.18 2.44 2.82

2 Middle 1.36 1.68 1.76 1.88 2.14 2.34 2.76
Lower 0.66 1.64 23 2.98 3.02 3.18 3.62

Upper 1.3 1.66 1.76 1.88 2.04 2.24 2.7

3 Middle 1.16 1.44 1.54 1.74 1.9 2.1 2.72
Lower 1.3 1.6 1.66 1.76 2.02 2.24 2.8

Upper 1.4 1.6 1.88 2.32 2.58 2.84 3.04

4 Middle 1.24 1.46 1.56 1.74 1.86 2 2.56
Lower 1.22 1.42 1.5 1.62 1.8 1.94 2.64

Upper 1.08 1.46 1.58 1.78 1.88 2 2.62

5 Middle 1.34 1.5 1.56 1.72 2.02 2.38 2.84
Lower 1.12 1.64 1.74 1.84 1.92 1.98 2.54

Upper 1.26 1.64 1.8 2.14 2.62 2.76 3.14

6 Middle 1.32 1.56 1.64 1.8 2 2.24 2.76
Lower 1.24 1.52 1.64 1.98 2.32 2.48 2.88

Upper 1.24 1.44 1.56 1.88 2.18 2.38 2.74

7 Middle 1.24 1.46 1.56 1.78 1.96 2.12 2.66
Lower 1.08 1.42 1.54 1.64 1.76 1.88 2.54

Upper 1.34 1.7 1.84 1.98 2.04 2.16 2.64

8 Middle 1.26 1.48 1.6 1.74 1.9 2.04 2.58
Lower 1.3 1.64 1.7 1.8 1.9 2.04 2.64

Upper 1.14 1.54 1.62 1.72 1.88 2.18 2.78

9 Middle 0.68 1.26 1.32 1.42 1.6 1.76 2.42
Lower 1.24 1.5 1.58 1.64 1.8 1.94 2.56

Table 4. Median (Md), Mean (M), Standard Deviation (s), Skewness (SK) and Kurtosis (K) of sediment samples from every
upper, middle and lower shore of the nine stations.

Station Shore Median (Md) Mean (M) Standard Deviation (s) Skewness (SK) Kurtosis (K)
Upper 225 2.226667 0.559242 0.085106 1.512154
1 Middle 2.68 2.153333 0.83 —0.47146 1.060752
Lower 2.74 2.653333 0.498182 —0.26825 3.586066
Upper 1.76 1.813333 0.495455 0.334321 1.070862
2 Middle 1.88 1.926667 0.377121 0.325541 1.509922
Lower 2.98 2.373333 0.833485 —0.65391 1.684882
Upper 1.88 1.886667 0.357121 0.206404 2.04918
3 Middle 1.74 1.693333 0.401364 0.17366 1.775956
Lower 1.76 1.833333 0.387273 0.443333 1.70765
Upper 2.32 2.106667 0.558485 —0.14162 0.960187
4 Middle 1.74 1.673333 0.335 0.102694 1.803279
Lower 1.62 1.62 0.345152 0.333694 1.939891
Upper 1.78 1.68 0.368333 —0.04714 2.103825
5 Middle 1.72 1.813333 0.447273 0.496667 1.336422
Lower 1.84 1.786667 0.300152 —0.09528 3.233151
Upper 2.14 2.066667 0.564848 0.085486 0.939624
6 Middle 1.8 1.813333 0.388182 0.313725 1.639344
Lower 1.98 1.88 0.488485 0.069614 0.988428
Upper 1.88 1.793333 0.462273 0.105248 0.991539
7 Middle 1.78 1.713333 0.380152 0.13487 1.454918
Lower 1.64 1.613333 0.336212 0.138177 2.719821
Upper 1.98 1.9 0.31197 —0.101 2.663934
8 Middle 1.74 1.706667 0.34 0.172078 1.803279
Lower 1.8 1.793333 0.30303 0.226866 2.745902
Upper 1.72 1.78 0.408485 0.365091 2.58512
9 Middle 1.42 1.446667 0.388636 0.254713 2.546838
Lower 1.64 1.673333 0.31 0.378788 2.459016
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Station 1 was 0.09, —0.47 and —0.27 in the upper, middle
and lower shore respectively. The values of Skewness
(SK) in other sampling location are given in Table 4.
The founded average value of Skewness (SK) of Stations
1 and 2 is —0.11 and of Station 3 to Station 9 is 0.17.

From the average value of Skewness (SK) found at
Stations 1 and 2 we can say that sediment distribution in
the Stations 1 and 2 is nearly symmetrical. More pre-
cisely sediment distribution in the upper shore has a lar-
ger proportion of fine grains, while middle and lower
shore are enriched in coarse grains. On the other hand,
sediment distribution in upper shore is near symmetrical,
while sediment distribution in middle and lower shore
are strongly coarse skewed and coarse skewed respec-
tively. In a contrast the average value of Skewness (SK)
in Station 3 to Station 9 is 0.17 indicates that sediment in
the Sand Bar region has a fine skewed distribution with
larger proportion with coarse grain sediment.

3.2.5. The Kurtosis (K)

The Kurtosis (K) is a measure of peakedness of the dis-
tribution. The values of kurtosis (K) found at Station 1
was 1.51, 1.06 and 3.59 in upper, middle and lower shore
respectively. Table 4 shows other values of the Kurtosis
(K) found in the study. The average value of the Kurtosis
(K) of Stations 1 and 2 is 1.74 while the average of rest
of the stations is 1.94.

The average value of Kurtosis (K) found at Station 3
to Station 9 was 1.94 which indicates that sediment in the
Sand Bar region have sharp-peakedness or leptokurtic
distribution. Similar peakedness i.e. sharp or leptokurtic
distribution of sediment was also seen at Stations 1 and
2.

4. Conclusion

Grain size distribution of sediment is a fundamental
property of sediment. It influences other fundamental
properties of sediment. Historically it was hoped that
ancient depositional environments could be determined
on the basis of grain size and grain size distributions of
sediments. Sand Bar is a region of active geo-morpho-
logical changes especially by erosion and deposition.
Sand Bar in the coastal area is an important feature to
study. We have records of these changes covering about
two hundred years, but they are mostly scanty, and not
continuous. Records of study on coastal geomorphologi-
cal changes in Bangladesh are not adequate. Study on the
physical forcing which results in such geomorphological
changes is meager. The hydraulics of tidal area is also
very complicated. There is a need of studying the littoral
drift along the coast together with the hydrodynamics of
tides, waves, winds and currents in the Bay of Bengal
and its various channels. The upland sediment movement
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and flow of the sediment inland during high tide need
in-depth study to understand the phenomenon in its fuller
details. There is also a need for regular field measure-
ments and monitoring of all these pertinent parameters.
The solution of erosion and deposition problems is not
only complicated but also time-dependent. It is the high
time that we concentrate our efforts on the coastal area of
Bangladesh. Any isolated measure without evaluation of
the picture in its totality may endanger the whole eco-
system of the Bay, and any development effort may fail
for lack of comprehensive information. The balancing of
the erosion and deposition pattern of the major islands of
the Bangladesh deserves immediate field oriented action
research programs.
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